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AllST IACT. The disposal of K:inno, has been
sludici ill rals niaiiiliiiiicd mi a luw iodine (Rem-
ingtiin i l i f l . A f t e r iiilrapi'riluncal aclminislration
the rai i< nui l idr reaiiu-d iis maximal concent ration
in the I lyruicl al about 4 lir and at a level of
approximately 2.S',,'. of dose per g eland. All the
radiini ulide in I In- thyroid was Irichloroacclic acid
soluble. No siunil i iai t l t imicntrat ion was found .in

kidney, liver, brain or spleen. The rates of
nenrmcc of the radionuclide from the plasma
'hy.oid and rate of appearance in the urine mm
•yin'jncnlial, with half times of approximately .'C>
ir These rates were closely similar to dis|»ui
rale? of i:"l found by others (6). (EtidocrinutaD
92; 1536, 1973)

A N l ' M K K K of anions, such as thiocyanale
:uu iHTchloiale, rompclilivcly inhibit up-

take <if iodine by the thyroid of linlli rat and
man (I .?). They iilsn discharge iodide already
accumukited but mil cuvaleiitly bound in organic
form. S milar results were found with ReO,~~,
TI-OI , IJl- ' i~, and N():, - (3,4) among others.
Anbar il al. (5) proposed that like charge and
similar ouic radius arc the basis for these find-
ings. Using perthlorule labeled with 3"(.T they
showed Ihiil the ion is selectively concentrated
by the rat thyroid, but undergoes no chemical
change id ween injection and excretion.

Anlur and his associates liniileil their observa-
tions to periods of lime less than 12 hr. Their
data do rol permit estimation of radiation dose
to the thyroid or \\hole body from the radio-
labeled | erddprale. The present studies were
undertaken in order In determine (he fate of
pcrrhlorale in the rat over .a longer period of
lime. T ic findings indicate only a small accumu-
lation o{ percldorale in the Ihyroid, no significant
retention in other structures, and a half-life of
retention for the whole body and for the thyroid
of about 20 hr.

Ivvpcrimcntal

Two j;rtmps of male SpraKiie-Dawlcy rats were
nmiiilaihi ' i) on Kemin^loii diet1 prior lo the time of
adininis n.linn of labeled perchloralc, the first for S
weeks, tin MMond for 4,'j weeks.

The I til crimp tonsisled of 24 rals weighing 200-
25U g and was divided into 4 sub-groups of 6 rats

Received August 7, l'J72.
Supported by I 'SI ' l l Grants AM-IO-W2 and AM-

I IrtKlfi.1 General liioi lii-mii al Inc., Chagrin Falls, Ohio.

each Ivacli animal was injected ip wilh 0.1 I'd
K^CKI,2 having a specific activity of 240 uCi'mi
in I M I saline solution (approximately 40 lift si»l«
pcrchlorate per injection). Animals were givtn (k»
diet, and water ad libitum. Sub-groups were killed br
carriL'i. cxsanguination at 2, 8, 24, and 48 hr.

Tim second group of rats, weighing 300-3SO f. »M
divUkd into 4 sub-groii|)s of 5 rats each. Three U
llvic underwent the same procedures as group u»
and yre killed at 2, 4, and 8 hr. The fourth «*•
group was treated the same way except that ci.k
anim?i was given 0.2 nCi labeled pcrchlorale and ibc
ani'iu !•; were killed at 96 hr.

In i'll animals both lobes of the Ihyrtiid wen n
m ivr I and weighed. One lobe was soluhilitni n
N!'!i. ' The second lobe was homogenized in dUtillrd
waler, repeatedly precipitated with 10% triihlwo
acetii ,icid (TCA), and then solubilizcd in NO
Itlo'.i'.! samples were ohlaincd by cardiac puntlun
Scrum was soluhilized in NCS.

l-'ioii the 96-hr sub-group 10-20 mg samplrt U
sel'-clf <( tissues were removed and solubilizcd in XO
Url'ii ijamples were collected in metabolic cages fiu»
this pioup al 24-hr intervals.

All samples were dissolved in 10 ml of A<|iuu4'
aiid uinnlcd in a Iteckman C I'M-IOO liquid sdnlUU.
tion 'Icteclor.

Results

The radionuclide retained in the thyroid u
virii> 's time intervals appears in Table I. It »»i
taker up by the thyroid, reached n |>eak arnuoi
4 hr, und then fell to approximately S'/( of thit
peali value wilhin 96 hr. The data are plollnl »
1'ig. I anil appear to indicate an e.xjionentul

TABLE 1. Percent dose of MC1 per g (issue of rit
thyroid after administration of KMCIO<

% Dose/g tissue .
Time (hr) Group 1 Group 2

2 2.42 i-0.9* 2.52 d: 0. 1
4 3.16 -.<:0^
8 1.73 -i:T.3 2.68 ±01

24 1.68 ± 0.9
48 0.755 -i-. 0.2
% O . I 4 2 : ' - - O . I

The number of animals represented in eaih figuie
it 6 for Group 1 and 5 for Group 2.

*su

function wilh a half-life of 20 hr. The level of
radioactivity detected in ihe TCA precipitates of
thethvroid homonenate was not significantly di'
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'frenl from background.
The levels of radioactivity in the serum an-l

'he urinary excretion data are plotted in Kig ' •
In order to compare Ihe disposal of Ihe admin
Mered radionuclide with that of iodide, the < la l >
nl Albert and Johnson (6) for rats wilh In -
Irvels of thyroidal radioiodide relcnlion are uh
polled in Fig. 1. It appears that the disappeai-
>nce rates afler administration of labeled pcr-
thlurate from (he plasma and thyroid and the
jip|>earance rale in Ihe urine corres|iond clofl >
nilh those of iodide in the rats of Albert an '
Johnson, and that the dis|H)sal of bolh MI!:-
•lances follows an exponential function wilh t
half-life of approximately 20 hr.

The retention of the label after administrator
p( jierrhloratc in selected tissues at 96 hr appear;
in Table 2. The levels at that time were less than
t'/c of Ihe maximal levels found in the thyroid
The relatively high value for kidney tissue pre
lumahly reflects the fact that most of the per
ihlorale is excreted in the urine.

Discussion
Since perchlorate was first observed lo displace

;<xlicle from the rat thyroid ( I ) , it has been
riilely used in studies on the Ihyroid lo bio -1
•nlry of iodide into the gland or lo cause drs
:brge of previously, accumulated but non
:nvalenlly linked iodide. It has been used in the
\hcrapy of Graves' disease (7). Perchluratc

a discharge of iodide from Ihe Ihyroid of
with Pendred's syndrome (8), ami cvi-

Imce for an abnormally prolonged effect of per-
(hlnrate in this disorder has been presented (9).

.. . . . -
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I'lc;. I. The disposal of :I"C1C), ' in rals ni: i inl: i inril
on a low incline diet compared wilh disposal ul" '-'"I
in rats wilh low thyroidal iodide retention taken f r u i n
Ihe studies of Johnson and Albert (6V All linrs wer r
drawn with Ihe use of least-squares regression, 'flu*
urine values are cumulative.

1'urllicr exploration of this last phenomenon has
rei|iiircd the use of radio-labeled perchlorale in
these patients, but existing data have not pri -
milted radiation dose calculations.

Our data indicate a low level of l l iyrn ida l up
lake of radio-labeled perchlorale at Ihe spnii i i
act ivi ty levels used, no evidence of i ovnlcin
bonding of Ihe radionuclide by Ihe Ihyroid , im
selective retention in the tissues tested, and lex
ponential disappearance from (be body w i l h ,i
half lime of approximately 20 hr. C'oiiipaiisnn ul
our data with those of Albert and Johnson ( 6 ) ,
who studied the-disposal of iodide in rals u i i l i
low levels of iodide retention, shows a s in i ihoi ly

TABLE 2. I'ercent dose of 3(1C1 per g tissue al % ]<c
Organ

Thyroid
Kidney
Spleen
Liver
lirain

l)ose/g tiibiic

0.142 :' 0 1*
0 125 ! 00')
0048 i 00)
0048 ! (I ' l lI
Background

Kru'h figure represents 5 animals.
*si>. •' .
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in rates between the two ions..This may be taken
as evidence for closely similar pathways of
mi'tabolifin apart from organification of iodide.
Thus it WMild appear reasonable to base radia-
tion dosage calculations for radio-labeled per-
chloratc til ministered t<i man on the assumption
that Ihcic is Ho organic binding of the radio-
nuclide i n 1 that its retention and disposal are
closely sn i la r to iodide when covalcnt binding
of the lall'.T is blocked. It is, of course, possible
that n different pattern of metabolism might
emerge U substantially lower doses of stable
pert-Morale, than were given in these experiments,
because ill a saturation effect. In earlier experi-
ments (.!) on propyl thiouracil blocked rats SO

. pg staid: iodide, a dose equivalent to the per-
chloralc used in the group 1 rats of the present
ex|icriiiH'iil, reduced the thyroid to serum ratio
of i:"I ID approximately SO'/o of control values,
ami 20 ((.; to approximately 70^;.. The present
cx|icrinuTUs were done at the lowest dose of
radio-lie'chlorate consistent with adequate count-

« •
Vol »J • »• I

ing rates and with the highest available speak
activity K3aClO4.
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ABSTRACT. In a modified McKenzic bioassay
systvrr, significant, and sometimes striking, stimu-
latory activity resembling tliat of LATS was in-
ducvd by soluble supernalants of bovine thyroid
tissue, by purified bovine thyroglohulin (TG),
either ontained commercially or freshly-prepared
by DKAE cellulose chromalonraphy, -and by the
soluble sujiernalant of a human thyroid gland.
Stimulatory activity, as evidenced by an increase
in bloDC* i31!, was manifest at 2 hr after admin-
istralnn of TO and was maximum lietwecn 11 and
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•Induction of it l,ATS-like Response by Thyroglobnlin
in the McKeir/ie Assay System
I..UVKKNCI; ('. WOOD, AI.RKKT BIIROKR, MARK PETURSOM, AND SIDNEY H. INGBAR
Tkormlile Memorial Laboratory and Ilie Harvard Medical S>!ruires, Boston City Hospital, and the Depart-
ment ul .Medicine, Harvard Medical School, lioston, Massachusetts

20 hr. Varying doses of TG elicited a typical k|
dos: res|xmse curve, the minimum effective oW
being 0.1 mg. As indicated by direct analysis, »•
cieased blood radioactivity elicited by TG ni
comprised mainly of ""I-lhyroxine. The effect U
TG could not be explained by a retarded diup-
peaiiince of 181I-thyroxine from the blood, tiao
v»ry large doses of TG failed to retard the diup-
pearanee of exogenous labeled hormone. -

y 92: 1538, 1973)

,URING experiments to study the neutraliza-
— ' tinn of I.ATS in serum by thyroid panic-
ulate fractions (1-7), we sometimes observed
D

.* "rant No; AM-09753 from
the National Int i tule of Ar.hrilis and Metabolic
Disease* and by Grant N». RR-76 from the Division
of lleal 'h Resources and Facilities, Nalinnal Insti-
tnlcs of Health, Bethesda, Maryland.

pitlin appearance or enhancement of thyruW
stimulatory activity. Experiments conducted to
elucUI.'tt; (his phenomenon strongly suggestri
that stimulation was due to thyroglobulin (TG)
contaminating the participate fraction and thu.
in appropriate dosage, TG is itself a stimulate
o' thyroxine (T,) release in the McKenzie tiio-
assay system. The findings have been reportal i»
part in abstract form (8). Subsequently, a report

\K '.«a«jtan and co-workers has provided coni-
•1*1 mniirmalinn of these findings and has sug-
«LIJ that the effect may be due to inhibition

Jijnwkil phosphodieslerase (9).

Materials nnd Methods
I nvri liisue. Thyroid glands were obtained from
|»« immediately following slaughter, were placed

wiutcly into plastic hags on ice, and were rushed
_ ft Ulwralory. In one instance, a specimen of
J« ( JU.M: goiter was obtained at surgery. Within
I « >hr glands were trimmed, weighed, and then
»•>'•' in 4 vol of either physiological saline or

i vKiose. Minces were homogenized for 30 sec
i[) >|«il in a Waring blender. The homegenate

» !«i cither ccntrifuged at 4 C in a Spinco Ultra-
•>'«' (Model L., No. 40 Rotor) at 100,000 X
t tMiia parliculate and soluble supernatant frac-
n x K» differentially centrifuged according to
i whvil of Ekholm and Strandberg to obtain a
luw.mul fraction (10).

'M tkyroglobulin. Several batches of TG were
«fi from a commercial source.- Purified bovine
t« also prepared from fresh bovine thyroid

>.» li}1 column chromatography on DEAE cellu-
' i.tording to the method of Ingbar, Askonas,
I-A ( I I ) . In the latter experiments, protein

•tuition of the effluent fractions was measured
n-method of Lowry (12), and was increased
i i«rssary by ultrafiltralion, utilizing a Diaflow
«.-i:us »ith a UM-10 membrane.*

»1 Wiiimy. Bioassay of I.ATS was performed
..ri'm to the general method of Furth (13), with
UM modifications. CD-1 female albino micer> were
[M ud blood was drawn from the orbital venous
,„. by means of disposable hcparinized 100-td
^iirt mix's" (14). When, as suggested by Furlh,

}.' eg injections of triiodothyronine (T3) were
<<i- suppress secretion of endogenous TSII, mice
.«<J high concentrations of "'I in the blood
;i(ote injection of the test material. Therefore,

_u>unt of T3 administered was increased to 0.8
Ji Rii resulted in lower baseline values of blood
••kthity without diminishing the sensitivity of

F*1't in.
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tMdonulin, Bovine, Type I.
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>«jy-
•tkhbioassay, separate groups of animals were

inj i led with normal human serum, with TSII (08
ri!' mouse), and with either normal saline or 0 2 5 M
SIH-;KI- Human serum tu lie used in assays w.is
nil liirjly absorbed with DEAIC-Sephadex to decrease
tori ' l ly in the lest animals, as recommended by Flor-
sluini (15).

/ ! i i - 'vJU «/ bioassay results. Illoud drawn at appru-
|'-riit( lime intervals was counted in a well-type scin-
t t i l , I inn detector.7 Except where otherwise indiiatcd,
tin ri'sponse index was calculated as the ratio of
Mi i-d radioactivity at 20 and zero hr. The significant
uf :li!ferenccs between results obtained in the several
ex| ••rimcnlal groups was assessed by analysis ul
'. ri'iancc, followed by Student's r test in those ex-
111 i irents in which the analysis of variance revealed
s'Kvficnnt differences to exist (16). Since logaritlunii
tra-sformalion of the raw data prior to application
nf 'he t test did not alter the significance of the
dif >'<rnces observed, such transformations do not
ap"»nr in the data to be presented.
J'( determinations. Measurements of 1S1I-T, and
'-''I T4 concentrations in the sera of test mice were
pi", fo'ined by a technique described in detail else-
wlrjit (17). Briefly, serum was enriched with '"f'I-T|
to acl. iis both a recovery standard and a source of
lal cled hormone for displacement analysis. Small
ali'iuols of serum (10-20 id) were extracted of T, on
a >phadcx column at alkaline pi I. Efficiency nf
extraction averaged 94.1 ±'2.4% (mean it sn) in JO
am lyiies. After the Scphadex was washed with barl.i-
t.il buffer, pi I 8.6, to remove iodide and possibly
ioi'-yproteins (18), the T( remaining on the column
was counted. '-'I-T, was measured by binding dis-
pla rement analysis of the extracted T4.

Results
Hioug thyroid stimulating activity could

rcalily be demonstrated in soluble supernatant!!
of bovine thyroid gland. Results of a typic.ii
exppriinMtt are shown in Fig. I. A 60-ml homogi-
na'c in 0.2SM sucrose was prepared from 4.0 g
of- tissue. After centrifugation, an aliquot of
soluble su|>ernatant was set aside and the parlic-
ulpte fraction was then washed repeatedly with
15 mt aliquols of 0.25M sucrose, each wash
being saved. The initial supernatant proved
hifhly stimulatory in that O.I ml produced a
mew response index of approximately 11. Suc-
cessive washes of the participate fraction index
we"« progressively less stimulatory, so that , by
tin sixth wash, even a dose of O.S nil failed to
induce a significant response.

Stimulatory activity of soluble supernatants of
i
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